Introduction
As information and communication technology (ICT) products are becoming more common in society, the development and diffusion of ICT, because of its high-tech content, has been widely seen as a major contributor to the growth of productivity, and economic growth more generally. First, ICT is known as a key tool for enhancing innovation, and promoting technological progress, resulting in the growth of total factor productivity (TFP) in the ICT sector itself. Second, firms tend to be engaged in large-scale investment in ICT in capital formation to improve productivity. The two factors together constitute the direct contributions made by ICT to productivity growth (Jorgenson et al. 2008) . Trade can play an important role in fostering development of the ICT sector. Studies suggest that strong export performance in ICT products yields higher economic growth rates and improvement in productivity (Greenaway et al. 1999 , Rodrik 2006 , Hausmann et al. 2007 ). For this reason, an increasing number of countries have introduced polices and allocated more resources to encourage exports from the ICT sector.
China is now the largest producer of ICT goods in the world. In 2007, of the world total, China produced 48 per cent of phone handset, 46 per cent of personal computers, 42 per cent of colour TVs, 65 per cent of monitors, 58 per cent of program-controlled switchboards, and 57 per cent of digital cameras. Based on China's Annual Survey of Industrial Firms (1998 -2007 , we calculate that the share of the ICT sector in manufacturing value-added products increased from 6.3 per cent to 9.1 per cent over the period [1998] [1999] [2000] [2001] [2002] [2003] [2004] [2005] [2006] [2007] , but the ICT sector contributes 15.6 per cent on average to manufacturing productivity growth in the same period. The trade data shows that the development of Chinese ICT goods relies heavily on export markets. During the period 1998-2007, export of ICT goods accounts for about 40 per cent of the sector's total sales.
The purpose of this chapter is to examine the determinants of China's exports of ICT goods in two dimensions: export quantity and quality. Our main finding is that China's ICT export growth is mainly achieved by producing a high quantity of low quality. Furthermore, the volume and pattern of China's ICT exports are largely determined by foreign direct investment (FDI), processing trade and government supporting policies. While processing trade mainly accounts for the high quantity and low quality of China's ICT exports, FDI and government policy may help to upgrade the export quality, but decrease export quantity. The challenge for China is, therefore, to upgrade its ICT export quality while maintaining its ICT export volume through a combination of different policies.
The chapter is organised as follows: In Section 2, we describe the pattern of growth of Chinese ICT exports; Section 3 present the econometric model and introduces data used in the analysis; and, Section 4, presents and discusses the estimation results.
Stylised Facts about China's ICT Exports
China's export has expanded at the pace of almost 14.5 per cent per annum from 1995 to 2010, while the world's growth rate is only 7.2 per cent over the same period. As a result, China's share in total world exports rose from four per cent to 11.8 per cent over the same period. China has, in the past, held a large share of the world market for traditional, labour-intensive industries, such as textiles, shoes and clothes, and is now rapidly enlarging its share in high technology industries, such as ICT products. Figure 17 .1 shows the shares of ICT exports in the world total exports of these products by those main producers: China's share of the world's ICT exports has risen fast, from only three per cent in 1995 to 30.1 per cent in 2010. In contrast, the share of all other major producers decreased over this period. The relative changes demonstrate that China has been gaining increasing competitiveness in producing and exporting ICT products in the world markets. China's ICT export is already exceptionally high (Rodrik 2006) . In illustrating a cross-country relationship between sophistication of exports and the per capita income, Dani Rodrik finds that 'China is an outlier in terms of the overall sophistication of its exports: its export bundle is that of a country with an income-per-capita level three times larger than China's'. Peter Schott (2008) arrived at a similar conclusion. We examine this conclusion from the perspective of the changing market share of China's ICT products. Figure 17 .2 illustrates a cross-country relationship between export structure and per capita income, where export structure is measured by the ratio of ICT products in the country's total export: China's ICT export ratio of its total exports is also an outlier as compared with its per capita income level, which verifies Rodrik's (2006) and Schott's (2008) conclusion.
China's ICT exports are, however, dominated by foreign firms, including wholly foreign owed firms (WFOF) and joint ventures (JV). These firms are largely responsible for the ever-growing share of China's ICT exports and they played a dominant role in increasing China's ICT exports during 2000-2006. Also, China's ICT exports have been driven by the reorganisation of production in Asia. China is used as an export base by firms located in advanced Asian economies, which, instead of exporting finished goods to the US and European markets, now export intermediate goods to their affiliates in China. China's exports have skyrocketed and have displaced Japan's and NIEs' exports at an accelerated pace. This triangular trade pattern can be seen from the extensive role played by China's processing trade. China's ICT exports are heavily concentrated in processing trade, which accounts for 90 per cent of China's ICT exports. Thus, China's ICT exports are largely due to the international segmentation of production processes. China imports parts and components of ICT products, which are incorporated in processed exports. China's ICT exports, therefore, can be explained by their high import content. In fact, it has been shown that the share of domestic content of China's manufactured exports was about 50 per cent, and relatively sophisticated products, such as electronic devices, have low domestically produced contents (about 30 per cent or less) (Koopman et al. 2012 ).
Furthermore, Chinese authorities have been actively promoting the level of technology in China's export structure through tax and other policy incentives. A particular manifestation of these incentives is the proliferation of special economic zones (SEZs), economic and technological development zones, hightech industrial zones, export processing zones and free trade zones around the world. In order to analyse policy effects on ICT exports, Table 17 .2 reports the export ratio of different policy zones: The above analysis shows that the extent of China's ICT exports is overestimated if we do not consider the role played by foreign affiliates through international segmentation of production processes. Government policy also plays an important role in enhancing China's exports. There is, however, another important difference between China's ICT exports and those of developed countries. As Schott (2004) points out, current international trade specialises within product rather than across product. Although China is responsible for nearly one-third of world ICT exports, the quality of China's ICT exports have been lower than those exported by developed countries. Following David Hummels and Peter Klenow (2005), we disaggregate the share of China's ICT exports in the world market into three margins: extensive margin, quantity and quality. Table 17 .3 reports the main decomposing results: For the quality index, the number is smaller than one, which means that China's ICT export quality is lower than the world average level. From the dynamic view, the growth rate of the ratio is 229.3 per cent, with an extensive margin growth rate of 12.9 per cent; a quantity growth rate of 165.7 per cent and a quality growth rate of 50.7 per cent. The results, therefore, show that China's ICT export growth is mainly driven by increases in quantity, which accounts for 72.3 per cent of China's ICT export growth, with the contribution made by quality accounting for only 22.1 per cent of China's ICT export growth.
To summarise the above analysis, China's ICT export value is increasing, which is driven by the growth in quantity. The quality of these exports, however, is lower than the world average.
Empirical Strategy and Data
The modelling approach adopted here explains not only the fast growth of the ratio and quantity, but also the low growth rate of quality. Export value, quantity and quality form the dependent variables in the model estimation. We consider several categories of determinants (Xu & Lu 2009 , Wang & Wei 2008 , including the use of processing trade; the development of central and local government policy to promote these sectors; the role of foreign affiliates; and, the characteristics of the trading partners, such as their levels of GDP and physical distance from China. Formally, the econometric specification is given by the following equations:
( 1) where is the log of firm i's export index to country j in product k at year t. We define the index of export by using three different dimensions, they are value, quantity and quality, with quality measured by the unit value.
is a dummy, if firm i in year t is a wholly foreign owned firm or joint venture, it is 1 ; if firm i in year t is a Chinese firm, then it is 0.
is also a dummy, indicating whether the trade involved is processing trade according to the customs regime.
is a dummy variable to show whether the firms have received some of kinds of policy promotion provided by the governments.
is the log of the gross domestic product of the importing country j in year t, is the distance between country j and China. are product and year fixed effects.
is the error term as normally defined.
In order to check the robustness of the regression results, we define the indexes of fdi, process and policy in a more detailed way. We can further classify fdi into two subgroups, wfof and jv, where wfof standing for the wholly foreign owned firms and jv representing joint ventures. For the index process, we also have two detailed indexes, process1 and process2, where process1 means 'processing and assembling' and process2 means 'process with imported materials'. For the index of policy, we have five different policy zones, policy1 being 'special economy zone', policy2 being 'economic and technological development zones', policy3 being 'high-technology industrial zone', policy4 being 'export processing zones', policy5 being 'free trade zone'. So we have the following equation for robustness check: (2) It is argued that foreign firms have certain inherent disadvantages as compared with indigenous firms, such as communication costs, language and cultural barriers, and limited familiarity with local environments. Foreign firms, therefore, must possess certain advantages over local firms in order to compete in the host country market. One of the advantages that foreign firms have in investing in the host country is possessing more advanced technology, which local firms do not have. Furthermore, the literature on FDI also suggests that ownership structure is a key determinant of the level of technology chosen by foreign firms while investing. According to the ownership-locationinternalisation paradigm, WFOF have the advantage of internalising superior technologies or knowhow within the firm, and JV rely more on the relationship with local partners to be more competitive in local markets. So, foreign firms should consider the trade-off between securing a better position in the market and allowing local partners to share with them the technologies and profits. The foreign investors with more advanced technologies will therefore prefer WFOFs to JVs. To summarise, we expect that the FDI will not only increase China's ICT export volume, but also upgrade the quality of China's ICT exports, and this effect is more apparent for WFOFs.
As we have discussed, processing trade plays a dominant role in China's ICT exports. As Lee Branstetter and Nicholas Lardy (2006) point out, China is able to export huge quantities of ICT products only because it imports most of the value-added parts and components embodied in the exports. Estimates of the share of foreign content in China's high-technology product export are up to 80 per cent (Koopman et al. 2012) . We expect, therefore, that processing trade will increase both China's ICT export value and quantity.
Policy is an important factor in determining a country's involvement in the international splitting up of the value-added chain, which further upgrades countries' technology and promotes ICT exports. China has followed a dualtrack trade policy, by imposing customs tariffs to protect domestic industries, while offering tariff exemptions on imported inputs for export production. These policies help increase China's ICT exports. Apart from these policies, Chinese authorities have also used other policy instruments to promote exports. A particular manifestation of these incentives is the proliferation of special policy zones, including special economic, economic and technological development, high-technology industrial, export processing and free trade zones. We expect, therefore, that government policy through various kinds of instruments will increase China's ICT exports, and some policy may also be conducive to upgrading China's ICT quality.
Finally, the characteristics of the importing country may also affect China's ICT exports at the firm level. As in the traditional gravity model, larger GDP and shorter distances should lead to larger export value and quantity. The quality of firm's exports should increase with distance (Hummels and Skiba 2004 
Estimation Results
Value Regressions Table 17 .5 reports the estimation results from the basic regressions on value. The estimated coefficients on fdi are both positive and statistically significant in regressions 5.1 and 5.4; the estimated coefficients on process are both positive and statistically significant in regressions 5.2 and 5.4; the estimated coefficients on policy are both positive and statistically significant in regressions 5.3 and 5.4. These results show that foreign firms, processing trade and government policy all have positive and statistically significant effects on upgrading China's ICT exports. The estimated coefficients on lngdp are all positive and statistically significant in the regressions 5.1~5.4, and the estimated coefficients on lndist are all negative and statistically significant in the regressions 5.1~5.4. All the regression results support the theoretical analysis and predictions reviewed in the previous section.
A further observation finds that the estimated coefficient on fdi becomes much smaller in regression 5.4 than in regression 5.1, when we take into account the effects of processing trade. Similarly, the estimated coefficient on policy becomes much larger in regression 5.4 than in regression 5.2, when we take account of the effects of processing trade. The estimated coefficients on process, however, are nearly the same in regressions 5.2 and 5.4. These results imply that processing trade is the most important and robust factor that promotes China's ICT export. Foreign firms can promote China's ICT exports, and the effect of this will decrease when taking account of the role of processing trade. This means that foreign firms promote China's ICT exports mainly through processing trade. Following the same logic, the effects of policy on promoting China's ICT are underestimated by ignoring the influence of processing trade in determining China's ICT exports. Table 17 .6 reports the robustness of the regression results for value regression. In regressions 6.1 and 6.4, we break fdi into wfof and jv. The estimated coefficients on jv are both positive and statistically significant, but it becomes smaller in regression 6.4, which implies that the jv firms' effect on China's ICT export is mainly through processing trade. So the results on jv confirms our discussion in Table 17 .5. In regression 6.1, the estimated coefficient on wfof is positive and statistically significant, but in regression 6.4 it becomes statistically indifferent from zero, which also confirms and strengthens the analysis based on the results in Table 17 .5. In fact, 92.4 per cent of WFOF's ICT exports are finished by processing trade.
In regressions 6.2 and 6.4, we distinguish two kinds of processing trade, where process1 means the processing and assembling and process2 means processing with imported materials. The coefficients on the two variables are all positive and statistically significant, having nearly the same magnitudes in regressions 6.2 and 6.4. We conclude, therefore, that processing trade has the most robust effects on China's ICT export, whichever kind of processing trade it is. In regressions 6.3 and 6.4, we break policy into five different policy zones, as defined in Table 17 .4. We find that only the estimated coefficients on Policy 2 and Policy 3 are positive and statistically significant. Policy 2 is the economic and technological development zones and Policy 3 is high-technology industrial zones. Both zones are aimed at attracting FDIs with more advanced technologies, thereby upgrading the production and trade structures for firms operating in these zones. Policy 1 is the special economic zone, the aim of which is more complex and not only confined to technology upgrading. Policy 4 is the export processing zone, the effect of which may be embodied in the variable of processing trade. Policy 5 is the free trade zone, the aim of which is to enlarge trade volume using whatever technology levels that the trading products may contain.
To summarise the discussion for value regression, we found that processing trade is the most robust and important force in promoting China's ICT exports. Only joint ventures and some kinds of special policy zones have robust and positive effects on China's ICT export. Table 17 .7 reports the estimation results of the basic regressions for the quantity. The estimated coefficient on fdi in 7.1 is positive and statistically significant but turns negative and also statistically significant in 7.4, when we consider the processing trade effects. The estimated coefficients on policy are both negative and statistically significant in regressions 7.3 and 7.4. The estimated coefficients on process are both positive and statistically significant in regressions 7.2 and 7.4. So we can conclude that foreign firms and government policy tend to decrease the ICT export quantity, while processing trade tends to increase the ICT export quantity.
Quantity Regressions
The estimated coefficients on lngdp are all positive and statistically significant in regressions 7.1-7.4. The estimated coefficients on lndist are all negative and statistically significant in regressions 7.1-7.4. These results are similar to the results in the regressions for the value. Note: The dependent variable is log quantity. Absolute values of t statistics are in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%.
Source: Authors' estimations. Note: The dependent variable is log quantity. Absolute values of t statistics are in parentheses. * significant at 10%; ** significant at 5%; *** significant at 1%.
Source: Authors' estimations. Table 17 .8 provides the robustness check results for estimating quantity regressions. Based on these results, we can conclude that both WFOFs and JVs have negative effects on export quantity, when taking into account processing trade. Both processing and assembling, with imported materials, have positive effects on export quantity. All the five types of policy zones have negative effects on export quantity.
To summarise the results reported in tables 17.7 and 17.8, we found that processing trade can promote ICT export quantity, but FDI and government policy lead to smaller export quantity. We found, however, that policy can promote export value, which requires further analysis of the quality regressions. Table 17 .9 reports the basic estimation results for quality regression. The estimated coefficients on fdi are positive and statistically significant in 9.1 and 9.4, and are nearly the same in magnitudes. The estimated coefficients on policy are positive and statistically significant in 9.1 and 9.4, and are also the same in magnitude. Foreign firms and government policy, therefore, tend to upgrade the quality of China's ICT exports, and this finding is robust, even taking into account processing trade.
Quality Regressions
The estimated coefficient on process, however, is not robust. It is positive and statistically significant in 9.2, but it turns negative and statistically significant in 9.4, when taking into account fdi and the role of government policy. So, processing trade may degrade the quality of China's ICT exports, but it promotes value and quantity of China's ICT export as found in the previous regression on quantities.
The estimated coefficients on lngdp are positive and statistically significant in regressions 9.1-9.4. The larger the gross domestic product level is, the more demands for ICT product, the more fierce competition firms face. Only those firms, therefore, who can produce high quality products can export to these markets. The estimated coefficient on lndist are positive and statistically significant in regressions 9.1-9.4, so the longer the distance, the higher the quality (Hummels and Skiba 2004) . Table 17 .10 provides the robustness check results for quality regressions. We can conclude that both WFOFs and JVs have positive effects on export quality. Both processing and assembling, and processing with imported materials have negative effects on export quantity. The five types of policy zones have positive effects on export quantity. The larger the GDP level, the further the distance it is, the higher the level of export quality. All these results are supportive of the basic regression results reported in Table 17 .9. We can summarise the regression results reported in Tables 17.5 to 17.10 as follows. FDI, processing trade and government policy are important key determinants of China's ICT export pattern. FDI can upgrade export quality, but decrease export quantity and value. Processing trade promotes export value through lower quality and larger quantity. Government policy increases value and quality, but decreases export value. These results suggest that, in order to further increase the export quantities of ICT products and, at the same time, to increase the export qualities of these products, China may consider applying different policy instruments for addressing different objectives. For example, if export quality is a concern, the government should do more in attracting FDI with more advanced technologies, and in further developing high-tech zones.
Conclusion
In this chapter we focus on the quantity and quality of China's ICT exports and its determinants to find out the key characteristics associated with China's ICT exports. We arrived at the following conclusions: China's ICT export is mainly driven by high quantity and low quality production; and, FDI, processing trade and government policies are the main determinants for China's ICT export growth. FDI, processing trade and government policies, however, have a different impact on quantity and quality. Processing trade increases quantity but decreases quality, while FDI and government policy have the opposite impact. How to upgrade quality and increase quantity simultaneously, therefore, is a challenge for Chinese central and local governments in their efforts to restructure the export sectors and move production towards producing high value-added and high quality products, while increasing the level of employment.
In this sense, the pattern of high quantity and low quality production and export will have an important influence on China' future growth. As quantity contributes significantly to China's ICT exports, it means China should continue to employ a large labour force to produce the export quantity; the quantitydriven export growth pattern, therefore, is good for employment. Considering that China is still relatively abundant in labour supplies, the quantity-driven growth pattern is consistent with China's comparative advantage and quantity, therefore, remains a policy option for the time being. Quantity-driven growth patterns, however, consume more natural resources and tend to lead to more pollution and damage to the environment, which is harmful to sustainable economic growth. As product quality is important for maintaining export competitiveness, and leads to more endogenously determined economic growth, how to upgrade the export quality is important for China's sustainable export and economic growth. Importantly, China is undergoing a fundamental change in its demographic structure leading to the slow growth of its labour force, apart from ageing, with rising wage levels (Cai 2013 ). This will add further pressure for the Chinese Government to optimise its economic structure and move towards producing more high-quality products. As a result, one would expect that China's export sector will be transformed from the quantity-driven to an extensively margin-driven and quality-driven one. This transformation is consistent with the new growth strategy adopted by the Chinese Government in confronting the new challenges for future growth.
